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Abstract Among the industries generating hyper saline
effluents, tanneries are prominent in India. Hyper saline
wastewater is difficult to treat by conventional biological
treatment methods. Salt-tolerant microbes can adapt to
these conditions and degrade the organics in hyper saline
wastewater. In this study, the performance of a bench scale
aerobic sequencing batch reactor (SBR) was investigated to
treat the tannery wastewater by the salt-tolerant bacterial
strains namely Pseudomonas aeruginosa, Bacillus flexus,
Exiguobacterium homiense and Styphylococcus aureus.
The study was carried out under different operating con-
ditions by changing the hydraulic retention time, organic
loading rate and initial substrate concentration. From the
results it was found that a maximum COD reduction of
90.4% and colour removal of 78.6% was attained. From
this study it was found that the salt-tolerant microorgan-
isms could improve the reduction efficiency of COD and
colour of the tannery wastewater.
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Introduction
Hyper saline effluents are generated by various industrial
activities. Leather tanning is a wet process from which a
large volume of highly saline liquid waste is continuously
generated. Due to the variety of chemicals added at different
stages of processing of hides and skins, the wastewater has
complex characteristics. The details of wastewater gener-
ated from tanneries and their characteristics have already
been reported in various literatures (Wiegant et al. 1999;
Sreeram and Ramasami 2003; Durai and Rajasimman
2011).
Tannery wastewater, rich in both organic matter and
total dissolved solids (TDS), is difficult to treat using
conventional biological wastewater treatment processes.
Major problems encountered in biological treatment were
(1) a limited extent of adaptation, as conventional cultures
could not be effectively used to treat saline wastewaters
of values higher than 3–5% (w/v) salt (2) salt adaptations
of cultures were easily lost when subjected to salt-free
medium (3) changes in ionic strength cell disruptions due
to shifts in salt concentration, from 0.5 to 2% (w/v),
caused significant reductions in system performance
(Glass and Silverstein 1999) and (4) rapid changes in salt
concentrations created adverse effects more than gradual
changes.
To overcome these problems halophilic bacteria are
required for the treatment of hyper saline wastewater. The
interest in halophilic microorganisms is largely motivated
not only by the industrial application of these microbes,
notably in the production of enzymes, but also for their use
in depollution systems (Anton et al. 1999). It has already
been shown that high salinity permits the growth of a
complex and diverse halophilic microflora in several types
of saline water, such as seawater (Benlloch et al. 1995),
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salterns (Rodriguez-Valera et al. 1999; Hollibaugh et al.
2001) and soda lakes (Litchfield and Gillevet 2002;
Sorokin and Kuenen 2005; Ward et al. 2000; Kargi and
Dincer 1996; Panswad and Anan 1999). Degradation of
synthetic substrates using halophiles has already often been
studied (Dincer and Kargi 2001; Schiegl et al. 2004).
Sequencing batch reactor (SBR) is a modification of
activated sludge process, which has been successfully used
to treat municipal and industrial wastewater (Herzbrun
et al. 1985; Franta and Wildere 1997). SBR technology has
gained more and more importance in wastewater treatment
plants. It is known to be a robust system that stands harsh
conditions and often been used in order to treat wastewa-
ter. The main advantages are easy operation, low cost,
handling hydraulic fluctuation, no need for settling tank
and sludge recycling as well as organic load without any
significant variation in removal efficiency (Keudel and
Dichtl 2000).
Some studies have been conducted on the degradation of
complex wastewater using halophiles in SBR (Woolard and
Irvine 1994, 1995; Kubo et al. 2001; Moon et al. 2002;
Uygur and Kargi 2004; Lefebvre et al. 2004). In this study,
the salt-tolerant microorganism used by Senthilkumar et al.
(2008) for the treatment of tannery wastewater was used in
a SBR. The objective of this study is to treat the tannery
wastewater in a SBR by varying the hydraulic retention
time, initial substrate concentration and to study the
kinetics of the degradation of tannery wastewater.
Materials and methods
Substrate
The tannery influent was collected from the Ranipet tan-
nery effluent treatment Co. Ltd., Tamilnadu, India and used
as an influent for the bioreactor during the experimental
period.
Microorganisms
The salt-tolerant bacteria used in this work are Pseudomo-
nas aeruginosa, Bacillus flexus, Exiguobacterium homiense
and Styphylococcus aureus. Frozen cultures of pure, salt-
tolerant bacterial colonies stored in agar slants were inoc-
ulated on 5 ml nutrient broth media at aseptic conditions.
The inoculated broth was incubated in an orbital shaker
(Scigenics, India), at 150 rpm and 37C, for 24 h. Well-
grown culture suspensions with uniform concentration were
used as sources of inoculum for all the experiments.
Experimental setup
A laboratory-scale plexiglass reactor, with a total volume
of 10 L was used. The schematic diagram of the experi-
mental set up is shown in Fig. 1. Tubes were inserted into
the reactor to ensure the filling and withdrawal of the
effluent using peristaltic pump. The reactor was supplied
with oxygen by fine bubble air diffuser. The operating
conditions in the reactor were maintained at the tempera-
ture of 30C and pH of 7 (Durai et al. 2010). The mixing
inside the reactor was achieved with a mechanical stirrer at
the speed of 150 rpm. Each cycle lasted for 24 h: filling,
1 h; reaction, 20 h; settling, 2 h; withdrawal, 0.75 h and
idle, 0.25 h. The reactor was inoculated with the salt-
tolerant bacteria obtained from Microbial Type Culture
Collection and Gene Bank (MTCC), Chandigarh, India.
The reactor was operated for various initial concentra-
tions of 6,240, 4,680, 3,220 and 15,60 mgCOD/L at
different organic loading rate (OLR). The effect of OLR
was investigated by varying hydraulic retention time (HRT)
while maintaining the concentration of the influent constant.
The HRT was varied from 5 to 2 days. Initially an OLR of
2 kgCOD/m3 day was applied for 15 days with a HRT of
5 days. Then the OLR was increased to 2.5 kgCOD/m3 by
reducing the HRT from 5 to 4 days on 16th day. After
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increased from 2.5 to 3.3 kgCOD/m3 day by reducing the
hydraulic retention time to 3 days. Finally the HRT was
reduced to 2 days and an OLR of 5 kgCOD/m3 was applied
until the end of the experiment. The reactor performance
was monitored regularly by measuring effluent COD and
colour from the reactor. COD was analysed by APHA’s
(1992) standard methods for the examination of water and
wastewater. Colour reduction was analysed by the method
suggested by Bajpai et al. (1993). In this method, sample
was centrifuged at 10,000 rev/min for 30 min and the pH
was adjusted to 7.6. The absorbance was measured at
465 nm and transformed into colour units.
Results and discussion
Tannery wastewater was characterized by the parameters
like biochemical oxygen demand (BOD), chemical oxygen
demand (COD), suspended solids (SS), Total dissolved
solids (TDS), chromium and sulfides etc. Typical charac-
teristics of tannery wastewater were reported in our earlier
article (Durai et al. 2010).
COD and colour reduction
The COD and colour reduction profiles obtained during the
degradation of tannery wastewater in a sequential batch
reactor are shown in Figs. 2, 3, 4 and 5. The influent and
effluent concentrations of the reactor and percentage COD
reduction and colour removal for an initial concentration of
6,240 mg/L are shown in Fig. 2. During the initial stage,
the hydraulic retention time (HRT) of the reactor was
maintained at 5 days with an organic loading rate of
2 kgCOD/m3 day. In this stage, percentage COD reduction
was found to be low due to the fact that microbes need
longer time for acclimatization. From the figure, it was
observed that a maximum COD reduction of 75.4% and
colour removal of 49.5% occurs at the fifteenth day from
the experiment startup period.
The influent COD concentration was maintained at
an average concentration of 6,240 mgCOD/L from the
beginning. From Fig. 2, it was also observed that increase
in OLR from 2 kgCOD/m3 day to 2.5 leads to a drop in the
removal efficiency of COD and colour. The reactor reached
steady state within 16 days of operation and the reduction
in COD and colour was found to be 73.4 and 45%.
Fig. 2 Effect of HRT on COD reduction at an initial concentration of
6,240 mg/L
Fig. 3 Effect of HRT on COD reduction at an initial concentration of
4,680 mg/L
Fig. 4 Effect of HRT on COD reduction at an initial concentration of
3,220 mg/L
Fig. 5 Effect of HRT on COD reduction at an initial concentration of
1,560 mg/L
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After reaching the steady state, the organic loading rate
was increased from 2.5 to 3.3 kgCOD/m3 day. After
9 days of operation the maximum percentage COD
reduction and colour removal were found to be 71.4 and
39.6%, respectively. Then the organic loading rate was
increased to 5 kgCOD/m3 day. At this stage, the maximum
removal of COD and colour were 56 and 35.4%, respec-
tively. Although there was an instantaneous increase in the
OLR while decreasing the HRT, a low effluent COD level
was recovered in a short period of time. This shows that
SBR has an excellent ability to overcome sudden distur-
bance in input organic loading.
With decrease in HRT, the percentage COD reduction
was also found to decrease. However, a significant drop in
percentage COD and colour reduction occurs for the HRT
between 3 and 2 days. It was also seen that there was no
significant improvement in the degradation of organic
matter and colour beyond 3 days. Same trend was observed
for the influent concentration of 4,680, 3,220 and
1,560 mgCOD/L. This is clearly depicted in Figs. 3, 4 and
5. The maximum COD and colour removal at each stage
are reported in Table 1.
Figure 6 shows the relationship between the organic
loading rate and the COD removal efficiency for overall
performance of the reactor. During the initial stages, at low
organic loading rate, the COD removal efficiency was
found to be high (over 90%). In the Figure, for the same
organic loading rate, a difference in percentage COD
reduction was observed and it was due to the fact that the
reactor was operated at different initial substrate
concentrations.
Kinetics—first order model











where Cso is the initial substrate concentration (mg COD/
L), Cs is the substrate concentration (mg COD/L), t is the
degradation time (h), and k1 is the first order rate constant
(h-1)
The experimental data were fitted to first order model
and it is shown in Figs. 7 and 8 (for HRT 5 and 4 days).
The figures for HRT 3 and 2 days were not given. The first
order rate constant, k1, was calculated from the slope of the
Table 1 Removal efficiency of COD and colour at various conditions in a SBR
HRT (days) SBR performance with salt-tolerant micro-organisms
% COD reduction % Colour removal
6,240 mg/L 4,680 mg/L 3,220 mg/L 1,560 mg/L 6,240 mg/L 4,680 mg/L 3,220 mg/L 1,560 mg/L
5 75.4 81.0 85.0 90.4 49.5 57.0 68.0 78.6
4 73.4 79.6 82.6 86.5 45.0 52.6 66.0 76.0
3 71.4 77.3 79.4 83.9 39.6 49.6 64.6 74.6
2 56.0 66.0 69.5 74.0 35.4 38.0 56.4 66.0
Fig. 6 Effect of OLR on COD reduction and colour removal
Fig. 7 Comparison of first order model with experimental data at
HRT—5 days
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straight line by the least square (LSQ) fit in the figures. The
detailed results including the determination coefficient (R2)
are presented in Table 2. As the initial concentration of
substrate increases, the rate constant k1 decreases and this
can be described to a growing importance of the recalci-
trant fraction in reducing the diffusivity of the biodegrad-
able substance. The satisfactory values of R2 compliment
the ability of the first order model in describing the kinetics
of the present work.
Conclusions
The continuous degradation of tannery wastewater was
carried out in a sequential batch reactor using the salt-
tolerant bacteria. The parameters initial substrate concen-
tration and hydraulic retention time are varied. The
performance of the system proved that the reduction in
COD (90.4%) and colour (78.6%) was high. From the
results it was found that with decrease in HRT, the per-
centage COD and colour reduction is found to decrease.
However, a significant drop in percentage COD and colour
reduction occurs for the HRT between 3 and 2 days. It is
also seen that there is no significant improvement in the
degradation of organic matter above 3 days. This study
proved the feasibility of treating hypersaline tannery
wastewater using halophilic bacteria in order to remove the
organic matter and colour from the effluent. The capability
of the model, namely the first order, representing the
continuous kinetic data of the present work was reported.
The results indicate that the first order is best suited to
describe the aerobic digestion of the tannery wastewater in
a sequential batch reactor.
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